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Annotation. Were studied effects of recombinant interferon-a2b on the isolated mouse heart.
Retrograde perfusion of the heart with Krebs-Henselite solution with dissolved interferon-a2b (with activity
2000 1U) caused decrease in the voltage of the R wave at the time of perfusion and ischemia (but during
reperfusion there was an increase), an increase in the R-R' interval. At the same time, perfusion of the heart
with solution of interferon-a2b was accompanied by a decrease in the volume rate of the coronary flow.

Passing of interferon-a2b through the heart led to a decrease in myocardial glucose consumption
against the background of deposition of extracellular Ca2+ and an increase in the yield of the enzyme
aspartate aminotransferase, a decrease in creatinine excretion, which indicates inhibition of creatinine
phosphokinase activity. Due to the fact that the predominant amount of creatinine kinase is localized in
mitochondrial membranes, the results obtained indicate the inhibitory effect of interferon on the activity of
transport processes of macroergic compounds in the myocardium.

Key words: interferon-a2b, isolated heart, aspartate aminotransferase, creatinine.

Anomayisn. Ilposedeno Oocniodcenns 8naugy pekomoinanmuoeo inmepgepony-02b na izonvosane
cepye muwi. Pempoepaona nepghysis cepys posuunom Kpebca-Xenzenatima i3 posuunenum inmepgpepoHom-
a2b y xinexocmi 2000 MO cnpuuunsna 3HudsicenHs 8onomasicy 3y6ys R 6 momenm npoeedenns nep@ysii ma
iwemii’ (npome nio uac penep@y3sii cnpuuuHse 1020 niosuwenns), 30invluenns mpueaiocmi inmepsany R-R.
Pazom 3 mum, nepghyszis cepys posuunom inmepghepony-a2b cynpogooicyeanacs 3HUNICEHHAM 00 e€MHOT
weuoKocmi KopoHaprozo nomoxy. Ilponyckanns inmepgepony-a2b uepesz cepye CnpuuuHse 3HUINCEHHS.
CHOXMCUBAHHA MIOKAPOOM 2NI0KO3U HA Ml OenoHyeanws nosaxiimunHoco Cal+ ma nocuneHHs 6uxoody
Qepmenmy AcAm, 3HUdMCEHHS eKCKpeyii KpeamuHiny, wjo Cc8i04umv Npo NPUSHIYeHHs AKIMUGHOCHI
kpeamuHingoc@okinazu. OCKibKU NepesadicHa KiNbKiCMb KPEAMUHIHKIHA3U JOKANI308AHA 8 MeMOpaHax
MIMOXOHOPI, Oompumari pe3yiomamu cei0uamv npo [HIIOVIouUll enaue iHmep@epoHy Ha AKMUBHICMb
npoyecie mpaHcnopmy MakpoepivHux CHoIyK Y MIOKapoL.

Kmouosi cnosa: inmepgepon-a2b, izonvosane cepye, acnapmamaminompanchepasa, KpeamuHin.

Annomayus. Ilpogsedeno ucciedosanue 6IUAHUS ~peKOMOUHAHMHO20 unmepgepona-o2b na
uzonuposannoe cepoye mviuiy. Pempocpaonas nepgyszus cepoya pacmeopom Kpebca-Xensensiima c
pacmeopenuvim unmepgepornom-02b (2000 ME) ewizvieana cuudicenue eonvmadica 3youa R 6 momenm
npogedeHuss nepgysuu u uwemuu (HO npu penep@ysuu  BvI3bIGANA €20 NOBbluleHUe), VeeaudeHue
npoodoadcumenvuocmu unmepsana R-R. Bumecme ¢ mem, nepgysus cepoya pacmeopom unmepgpepona-o2b
CONPOBOIHCOANACH CHUNCEHUEM 0OBLEMHOU CKOPOCIU KOpOHapHo2o nomoxka. Ilponyckanue unmepgepona-o2b
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yepes cepoye NPUBOOUM K CHUICEHUIO NOMPeOieHUsi MUOKAPOOM 2II0KO3bl HA (OoHe O0enOHUpOBaHUs
gnexiemounozo Cal+ u ycunrenue @vixooa epmenma AcAm, cHudceHue 3KcKpeyuu KpeamuHUHd, Umo
ceudemenvcmeyem 06 yewemenuu axmusHocmu K®K. [lockonvky noodasnsiowee xoauwecmeo KOK
JIOKAIUZ08AHO 8 MEMOPAHAX MUTNOXOHOPULL, NOJIYYEeHHbLE Pe3VIbMAmMbl C8UOEMENbCMEYION 00 UH2UOUPYIOUeM
BAUAHUY UHMEPDEPOHA HA AKMUBHOCTNb NPOYECCO8 MPAHCNOPMA MAKPOIPSUYECKUX COEOUHEHUTI 8 MUOKapOe.

Kniouesvie cnosa: ummepghepon-02b, uzonuposannoe cepoye, acnapmamamuHompancoepasa,
KpeamuHuH.

Interphenrons (IFN) are a family of cytokines with pleiotropic action, which includes inhibition of viral
replication, cell proliferation. Interferon receptors are expressed on all cells in the body. These properties of
interferons allow it to be used for infection, carcinogenesis. It is known that IFN acts on endothelium cells,
causing an antiangiogenic effect [6; 9]. However, effects of the interferon on the heart muscle remain not fully
disclosed. It is known that in individuals who have been using IFN for a long time, an increase in the voltage
of the QRS complex is recorded [5]. There are reports of functional reactions of the heart during interferon
therapy, in particular, the phenomena of arrhythmia, dilated cardiomyopathy, atrial extrasystole, symptoms of
coronary heart disease, hyper- and hypotension are mentioned [8]. With the introduction of interferon-a to
laboratory mice, ultrastructural changes of the cardiac capillaries are recorded: the thickness of endothelial
cells increases with a corresponding decrease in their lumen. After 2-3 injections of high doses of interferon-
a to rats, an increase in the time of ventricular repolarization and a decrease in the voltage of the R-wave on
the ECG are observed. Some authors admit the ability of interferon molecules to activate heart p-
adrenoreceptors, which most likely causes side effects from the cardiovascular system, which disappear after
interferon therapy is stopped [7]. Thus, the direct effect of interferons on the heart remains undisclosed; the
mechanisms of the formation of the aforementioned side effects of the cardiovascular system are not clear.

The aim of the work is to study the direct effect of recombinant interferon-a2b on an isolated mouse
heart under ischemia-reperfusion.

Metrials and methods: The studies were conducted on the hearts of nonlinear laboratory mice (n = 20)
3-4 months old, weighing 20-25 g, in compliance with the standards of the European Convention for the
Protection of Vertebrate Animals, which are used for experimental and other scientific purposes, the Council
of Bioethics 1997 Convention The animals were fed on a standard diet.

Krebs-Henseleit solution (pH 7.3-7.4) with heparin after the cervical dislocation, the heart was isolated,
which was placed in a cooled (+ 4° C). Through the cannula filed warm (+37°C) Krebs-Henseleit solution
under pressure102 £ 2 mm Hg (solution in mmol/l: NaCl - 118; KCI - 4.7; MgSO, - 1.2; KH,PO, - 1.2; CaCl,
- 2.5); glucose - 5.5; NaHCO; - 25). The solution was saturated with carbogen (95% O, and 5% CO»).

It was in its natural state. The electrocardiogram registered by the Midas EK-1T. The amount of the
flowing solution from the coronary vessels (ml/min). The resulting perfusate was used to determine the amount
glucose, calcium, and aspartate aminotransferase (AsAt).

The first (control) group was a group of patients of the isolated heart (n = 10), through which the Krebs-
Henseleite solution was passed. The second group consisted of hearts (n = 10), through which recombinant
interferon 02b preparation (CHAP Biofarma, Ukraine) was dissolved.

Ischemia of an isolated heart in a thermostatically controlled container was passing for 20 minutes. The
duration of the periods of perfusion and reperfusion was 20 minutes, respectively (Fig. 1).
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Fig. 1. Perfusion of isolated mouse heart
Note: a) perfusion with a stage of global ischemia-reperfusion; b) perfusion without a stage of global
ischemia.

200



Section
«Human Ecology»

Statistical analysis of the results was performed using the program Statistica 6.0, the indicators were
expressed as mean value and standard deviation. The significance of differences was determined using the
Mann-Whitney test. Changes were considered significant when p < 0.05.

The results of the study and their discussion. It is known that interferon-a2b has the properties to
influence the growth and differentiation of cells, causing changes in metabolic and synthetic processes, the
accumulation and activation of mast cells in tissues [1, 3].

The registration of the biocurrents of the heart and the comparison of the average values of the strength
of the R wave of the electrocardiogram showed that the transmission of the interferon solution determined a
significant decrease in the voltage at the time of perfusion (0.48 mV) and ischemia (0.75 mV), but during
reperfusion provokes its increase (0.6 mV) compared with the control (perfusion with Krebs-Henseleit
solution) (Fig. 2).
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Fig. 2. Indicators of tooth strength R of electrocardiogram
Note: * - significant differences in comparison with the control (p<0.05).

Comparison of the average duration of the R-R 'intervals in the control group showed no significant
differences during the period of perfusion, ischemia and reperfusion (Fig. 3).
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Fig. 3. Indicators of the duration of the intervals R-R "'
Note: * - significant differences in comparison with the control (p<0.05).

The indices obtained during the perfusion with the solution with interferon were significantly higher
than the control group: the duration of the R-R 'interval increased by 15.3 s during the perfusion, 10.5 s during
the ischemia, and 15.4 s during the reperfusion. Together with changes in the electrocardiogram, the
corresponding changes in the coronary flow were recorded.

In the case of perfusion of an isolated heart with a Krebs-Henseleit solution with the addition of
recombinant interferon-a2b, a significant (p < 0.05) decrease in the volumetric flow rate of the coronary flow
is observed (Fig. 4).

Actually, before the onset of ischemia-reperfusion, the volumetric rate decreases by 58 + 2.9% (1-10
min), After ischemia under reperfusion conditions — by 46 + 2.3% (30-40 min), By 47 + 2.4% (41 - 50 min.),
43 £ 2.2 (51-60 min. and 61 - 70 min.), And 41 £ 2% (71 - 80 min.). At the same time, in both cases, there is
a compensatory increase in coronary flow immediately after ischemia, at the beginning of reperfusion (11
sample).
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Fig. 4. Volumetric rate of the coronary flow of an isolated mouse heart under ischemia-reperfusion.

Interest caused by indicators of glucose in the perfusion solution, which flowed from the heart. In
comparison with the control, during perfusion of the heart with a Krebs-Henznleit solution with dissolved
recombinant IFN-a2b, there is a decrease in glucose uptake by the myocardium. Before the onset of ischemia,
this indicator decreased by 3.6 £ 0.2 pmol/l, after ischemia — by 3.7 £ 0.2 umol/l, and at the end of reperfusion
it reached 4.0 = 0.2 umol/l (Fig. 5).
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Fig. 5. Glucose content in the samples of the perfusion solution, which flowed from the heart
Note: * - significant differences in comparison with the control (p<0.05).

The phenomenon of a decrease in glucose metabolism in the heart under influence of interferon is
consistent with indicators of a decrease in volumetric rate of coronary flow.

It is known that work of contractile apparatus of the muscle fiber is brought to an active state due to
Ca”" ions, while these ions cause incoming current during the generation of the action potential [2]. Since part
of the Ca" ions, which initiates the contraction of myofibrils, enters the cells from the intercellular fluid via
“slow” Na'-Ca?" membrane channels, the activity of the heart to absorb Ca" ions from the perfusion solution
under influence of recombinant IFN-a2b during ischemia-reperfusion was investigated.

During perfusion of the heart with a Krebs-Henseleite solution with addition of recombinant IFN-02b,
an increase in myocardial deposition of extracellular calcium observed. In fig. 6 depicts a comparison of
calcium in samples of perfusion solution.

Thus, at the beginning of the perfusion of an isolated heart with a Krebs-Henzeleite solution with
addition of recombinant IFN-02b, the content of Ca®" in the first sample was reduced 2.4 times in comparison
with the control.

Before the onset of ischemia, in the 10th minute of perfusion, this indicator was also reduced 2.3 times.
At the beginning of reperfusion, the indicator of the amount of Ca®" absorbed was 1.5 times higher, at the end
- 2.4 times. So, it is undoubted that the perfusion of an isolated heart with a solution that contained IFN-o2b
causes an increase in the absorption of Ca®" ions by the myocardium both during ischemia and during
reperfusion.
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Fig. 6. Content of Ca2 + in samples of perfusion solution, which flowed from the heart
Note: * - significant differences in comparison with the control (p<0.05).

It is known that 3 mechanisms of energy supply are distinguished in muscle bioenergy: aerobic,
glycolytic and creatine phosphokinase (alactic). In our case, when studying the content of creatinine, interferon
caused a decrease in its excretion into the perfusion solution. At the beginning of the perfusion, the level of
creatinine was reduced 1.3 times (compared to the control), in the 10th test - 1.7 times. During the reperfusion
period, the fixed index was reduced by 1.6 times (11 samples), at the tenth minute of reperfusion, this indicator
was reduced by 1.2 times, at the twentieth - by 1.7 times, the thirtieth - by 1.6 times, the fortieth - 1.2 times, at
the end of reperfusion, 1.7 times (compared to control) (Fig. 7).
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Fig. 7. Content of creatinine in the samples of perfusion solution, which flowed from the heart
Note: * - significant differences in comparison with the control (p<0.05).

The activity of the enzyme aspartate aminotransferase (AsAT) was also compared. It is known that AsAt
plays an important role in the synchronization of energy and nitrogen metabolism, which is carried out at level
of mitochondria [4]. Functioning of the enzyme is associated with mechanisms of exchange of nitrogenous
and nitrogen-free compounds between the mitochondrial matrix and the cytoplasm [10].

In general, level activity of ASAT in perfusion solution, which flows from the heart during perfusion
with Krebs solution with dissolved interferon preparation, was significantly (p < 0.05) higher for control.
Interestingly, during reperfusion period, there is a decrease in activity of AsAT in control after 10 minutes
after ischemia, and in conditions of cardiac reperfusion with a solution with IFN, a decrease in tindices was
observed after 20 minutes. Only at the end of reperfusion with a Krebs solution with IFN did a decrease in
activity of AsAT occur, whereas this was not observed in the control group (Fig. 8).

Analysis of the results showed that addition of recombinant interferon-a2b to perfusion solution causes
metabolic changes in the myocardium. Given that interferon is a proinflammatory cytokine, biological activity
of which is realized by antiviral and antitumor activity, its effect on the myocardium causes metabolic changes.
The latter are manifested in a decrease in glucose uptake, an increase in Ca®" absorption, a decrease in
creatinine excretion, and an increase in the yield of AsAt by cardiomyocytes against the background of a
reduced volumetric rate.

In our case, the determination of the activity of the alactate pathway is an important indicator of the
activity of creatinine phosphakinase and the state of the myocardium. After perfusion of an isolated heart, it
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was found that the transmission of the interferon solution was the cause of the decrease in creatinine excretion
from the myocardium, which in turn indicates inhibition of activity of creatine phosphokinase. It is known
that an increase in activity of this enzyme is a marker of damage to cardiomyocytes. The concentration of
creatine phosphate in the muscles is 3-4 times higher in comparison with content of ATP. A decrease in creatine
excretion also indicates a decrease in creatinine phosphate reserves. By indicators of creatinine release can be
judged on the content of creatinine phosphate in the muscles. It is known that the synthesis of creatine
phosphate in myocytes occurs during the rest period by interaction of creatine with an excess of ATP. Due to
the fact that overwhelming amount of CPK is localized in mitochondrial membranes, the results indicate an
inhibitory effect of interferon on activity of transport of high-energy compounds in the myocardium.
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Fig. 8. Activity of AsAt in samples of perfusion solution, which flowed from the heart

Confirmation of foregoing is established reduction in glucose consumption of the heart muscle under
influence of IFN-a2b. It is well known that calcium is necessary for activation of mitochondrial enzymes and
stimulation of energy production. In our study, deposition of Ca®* by cardiomyocytes was recorded, which was
most pronounced after ischemia - at beginning of reperfusion. At the same time, we believe that increased
release of AsAt is also associated with accumulation of Ca*" in cardiomyocytes. Consequently, these indicators
are interrelated, since it is known that an overload of mitochondria with calcium leads to changes in the level
of mitochondrial AsAt (with participation of Ca*'-sensitive proteases) and launch of mitoptosis.

The above phenomena were accompanied by changes in the electrical activity of the heart, causing a
significant decrease in the voltage at the time of perfusion with interferon, but during reperfusion its increase
was observed. Duration of R-R' intervals with interferon perfusion was significantly higher than control,
manifested by a corresponding decrease in coronary flow.

Findings

1. Solution of interferon-02b causes changes in the electrogram of an isolated mouse heart - a decrease
in voltage of the R wave at the time of perfusion and ischemia (but during reperfusion causes its increase), an
increase in duration of the R-R' interval in all cases. Changes in the indices of the electrogram of an isolated
heart under the influence of interferon-a2b are consistent with a decrease in volumetric flow rates of the
coronary flow, especially during reperfusion period.

2. Interferon 02b causes metabolic changes in an isolated heart, which is manifested by a decrease in
glucose consumption against background of deposition of extracellular Ca’>" by myocardium and an increase
in yield of the enzyme AsAt in a perfusion solution. At the same time, transmission of interferon solution
through the heart showed a decrease in excretion of creatinine from the myocardium, which indicates inhibition
of CPK activity. Due to the fact that overwhelming amount of CPK is localized in mitochondrial membranes,
obtained results indicate inhibitory effect of recombinant interferon-o2b on activity of transport of high-energy
compounds in the myocardium.
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Anomayis,  Buxopucmogyiouu  memoo  peoenyeganoepagii - docriodcysanu  ocobausocmi
yepedpanbHo20 KpoBOMOKY y dimell 3 oumsauum yepeOpaivHuM napanivem. BcmanoseneHo, wjo Mo3K08d
ecemoounamira oimetu 3 J{L{I1 xapakmepuzyemuvcsi Cymmeeum 3HUNCEHHAM APMePIaibHO20 KPOBOHANOBHEHHS
ma 06 ’eMHOI WEUOKOCMI KPOGOMOKY, YMPYOHEHUM BEHO3HUM GIOMOKOM Y Kapomuouiu ma eepmabpo-
bazunspuslll cucmemax. Buseneni cmamesi ocobausocmi yepebpanvroi eemoounamiku dimet 3 JLII: y
KapomuoHiil cucmemi 0iguam y NOPIGHAHHI 3 XIONYAMU NIOBUWEHHS Nepupepuuno2o onopy, momycy cyouH
apmepianbHo20 muny OpibHo20 Kaniopy ma 06 eMHOT WEUOKOCE KPOBOMOKY NPasoi eemicqhepu, 3HUINCEHHS
MOHYCY CYOUH 8EHO3HO20 Muny OpiOHO20 KaaiOpy ma NiOSUWeHHs apmepianbHo20 KPOBOHANOBHEHHS Ma
00 ’eMHOT weudKocmi Kpo8omoxy aieoi cemicgpepu. 3’scosano, wo y eepmedbpo-6a3unapmii cucmemi 0iguam
HUDICYT NOKAZHUKU NePUPEPUUHO20 ONOPY Ma 00 €MHOT wUOKOCMI KPOBOMOKY 8 000X cemichepax, a monycy
CcyOuH apmepiaibHo20 muny OpibHo20 Kauiopy ma apmepiaibH020 KPOGOHANOBGHEHHS — V Npasill eemicghepi.
Ompumani pesyromamu c8i04amev NpoO MNeBHi YCKIAOHEHHS KPOBONOCMAYAHHS 6epemebpo-6a3uiapHoi
cucmemu dimeti 3 JLI1.

Kmouosi crnosa: peoenyeghanoepama, mo3kosuil Kpoeoobie, Oumsayuil yepeopaibHull napaiy.

Annomayus. Hcnonv3zys memood peosnyegpanocpaghuu, ucciedosanu ocobeHnocmu yepeopaibHo2o
KpoBOmoKa y demetl ¢ 0emCcKUM YepeopaibHblM NAPATUYOM. YCMAHOGIeHO, YMo M03208a5 2eMOOUHAMUKA
oemeii ¢ MUl xapaxmepusyemcs CyWecmeeHHbIM CHUJICEHUEM apMepUaIbHO20 KPOGEHANONHEHUs U
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